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作为第三代半导体材料， 1In Ga Nx x− 合金的禁带宽度可以在0.7eV（InN）
~3.4eV(GaN)范围内连续可调，其吸收光谱和太阳光谱有着近乎理想的匹配；它
是直接禁带材料，具有很高的吸收系数；并且它具有高硬度，耐高温，耐辐射的





















4. 通过有效质量理论对 In0.65Ga0.35N 太阳电池中的浅能级杂质进行分析，计
算出 In0.65Ga0.35N 浅能级施主和受主的电离能分别为 15.5 meV 和 92.9 meV。在
此基础上得到了 In0.65Ga0.35N 的浅能级杂质在室温条件下强电离时的杂质浓度范















估算了产生杂质能带的最低杂质浓度：施主~1×1018 cm–3, 受主~2.19×1020 cm–3。




















As the third generation semiconductors, 1In Ga Nx x−  alloy has many advantages 
besides that its bandgap varying continuously from 0.7eV (InN) to 3.4eV (GaN) 
almost covers the whole solar spectrum. InGaN is a direct band gap semiconductor 
with high absorption coefficient and with the excellent properties of superhigh 
hardness, radiation resistance and high temperature resistance, InGaN-based tandem 
solar cells are very suitable candidates for the space superhigh efficiency solar cells. 
This dissertation is focused on the experimental and simulation research on the 
InGaN-based photovoltaic cells; the fabrication, characterization and simulation of the 
devices were studied in details. The main results in this work are summarized as 
follows: 
1. Ni/InxGa1-xN/GaN Schottky barrier solar cells with different In contents (x = 
0.07/0.13) and two types of Schottky patterns (semitransparent current spreading layer 
and grid contact) are fabricated. Several measurement methods such as XRD, AFM 
and photoluminescence are used to characterize the properties of InGaN/GaN films 
grown by MOCVD. It is found that the crystal quality of InGaN/GaN films 
degenerate with increasing In contents. The reverse saturation current of 
Ni/InxGa1-xN/GaN Schottky barrier solar cells increases with increasing In contents. 
2. The current density-voltage (J-V) characteristics and spectral responses 
fabricated Ni/InxGa1-xN/GaN Schottky barrier solar cells are measured and studied in 
detail and the simulation of cell properties is performed. Solar cells with 
semitransparent contact have almost the same Voc as solar cells with grid contact and 
exhibit a higher FF. Overall grid contact exhibits a higher maximum output power 
density than semitransparent contact due to due to their larger Jsc. Voc, FF and 
spectral responses of InGaN Schottky barrier solar cells decrease with increasing In 
contents and the deterioration of InGaN crystal quality for larger In contents mainly 
account for the decrease.  
    3. The InGaN Schottky barrier solar cells and InGaN pin homojunction solar 















reverse saturation current and the decrease of Voc and FF are mainly responsible for 
the decrease of the efficiency. The Jsc is found to be not sensitive to deep level 
concentrations and capture cross sections. The comparative analysis of experimental 
and simulation results is also made. 
    4. Effective-mass approximation (EMA) is used to calculate the ionization 
energies and the radius of ground-state orbit for donors and acceptors in wurtzite 
In0.65Ga0.35N. The ionization energies of donors and acceptors are estimated to be 
about 15.5 and 92.9 meV, respectively. Based on these values, the doping 
concentration necessary to obtain strong ionization of shallow dopants was estimated 
to be 8 -35.0 10 cm× ~ 16 32.72 10 cm−×  for donors and 8 -35.0 10 cm× ~ 16 -32.74 10 cm×  
for acceptors. The lowest doping concentration required to form impurity bands was 
found to be ~1×1018 cm–3 for donors and ~2.19×1020 cm–3 for acceptors. Using 
AMPS-1D simulation, the band structure and concentration distributions of 
equilibrium carriers of In0.65Ga0.35N Schottky barrier and pin homojunction solar cells 
are obtained and the influence of shallow dopants on the properties of solar cells is 
also analysed. 
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